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Abstract 
Conjugated polyenes are an important class of organic molecules that have 
found applications in chemistry, medicine, and materials science. The ability of 
!-bond rich polyenes to rapidly generate structural complexity through 
domino pericyclic reactions renders them powerful reagents for synthesis. This 
thesis, which is submitted in publication format, describes the application of 
through-conjugated and cross-conjugated polyenes in step-economic natural 
product synthesis. The first synthesis of a family of all-(Z)-polyene 
hydrocarbons is also presented.  
 
Chapter One details the first synthesis of natural products to feature (Z,Z,Z,Z)-
tetraenes in domino 8!-6! electrocyclizations. The ten-step synthesis centred 
on the unprecedented four-fold cis-selective partial reduction of a conjugated 
tetrayne. Our studies suggest that the kingianins form in nature through redox-
catalyzed formal Diels–Alder dimerizations rather than thermal concerted 
[4+2]-cycloadditions.  
 
Chapter Two presents the first unified strategy for the synthesis of structurally 
distinct kingianin, endiandric acid, and kingianic acid natural products. Five 
natural products were prepared from a common tetrayne intermediate.  The 
point of divergence involved the unconventional terminal alkylation of a 
conjugated tetrayne. Evidence for redox-catalysis in the biosynthesis of 
kingianic acid E was also obtained.  
 
Chapter Three describes an unprecedented synthesis of unsubstituted all-(Z)-
polyene hydrocarbons. The synthetic campaign allowed the structure and 
reactivity of all-(Z)-polyenes higher than octatetraene to be examined for the 
first time.   
 
Finally, Chapter Four outlines the shortest synthesis of a pseudopterosin 
natural product reported to date. The tricyclic framework was forged using a 
triple Diels–Alder reaction sequence of an axially chiral cross-conjugated 1,1-
divinylallene.  
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Chapter One 
 
 
 
Total Synthesis of 
Kingianins A, D, and F 
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Total Synthesis of Kingianins A, D, and F 
Prelude 
 
The following manuscript, published in the leading chemistry journal 
Angewandte Chemie, details our first generation synthesis of kingianin natural 
products. Permission has been granted via RightsLink from John Wiley and 
Sons for reproduction in this thesis (licence number 3687941494903). All of the 
experimental work published in this paper is my own. The other authors are Dr 
Andrew Lawrence and Professor Michael Sherburn. The project was conceived 
by Dr Lawrence and Professor Sherburn, and evolved through contributions of 
all authors.  As of 15th August 2015, the paper has been cited 17 times, and has 
been highlighted in Chemistry World (Docherty, P. Totally Synthetic, 2013, May 
1) and Chemistry in Australia (A Positively Radical Synthesis. Chemistry in 
Australia, 2013, July 11.) 
 
The kingianins are an intriguing family of natural products that contain a 
structurally complex pentacyclic framework. Biosynthetically, the kingianins 
formulate as the product of a Diels–Alder dimerization reaction of a 
bicyclo[4.2.0]octadiene precursor. All previous syntheses of 
Scheme 1: Our synthetic plan for the synthesis of kingianin natural products. 
H H CONHEt
H
H
HH
H H
O
O
EtHNOC
O
O
(±)-kingianin A
CONHEt
O
O
Z Z
ZZ
Z Z
CONHEt
O
O EE
H
H
CONHEt
O
O
H
H
CONHEt
O
O
bicyclo[4.2.0]octadiene
thermal Diels−Alder
dimerization?
well precedented:
Nicolaou, Baldwin, 
Trauner, Parker, 
Moses
thermal 8π-6π 
electrocyclization
is the (Z,Z,Z,Z)-tetraene
a biosynthetic precursor?
thermal 8π-6π 
electrocyclization
CONHEt
O
O
four-fold cis-selective
partial reduction?
Goals: 
1. Scalable tetrayne synthesis
2. Develop conditions for unprecedented tetrayne reduction
3. Investigate 8π-6π electrocyclization of (Z,Z,Z,Z)-tetraenes
4. Promote first Diels−Alder dimerization of a bicyclo[4.2.0]octadiene
  
4 
bicyclo[4.2.0]octadiene natural products had used (E,Z,Z,E)-tetraenes in 
thermally allowed 8!-6! electrocyclization cascades (Scheme 1). At the outset 
of this work, no bicyclo[4.2.0]octadiene natural products had been prepared 
using (Z,Z,Z,Z)-tetraenes. We elected to target the kingianins for two reasons: 1) 
to determine whether (Z,Z,Z,Z)-tetraenes are plausible biosynthetic precursors 
to bicyclo[4.2.0]octadiene natural products, and 2) to ascertain whether the 
kingianins form in nature through a concerted thermal Diels–Alder 
dimerization.  
 
An unprecedented four-fold cis-selective partial reduction of a conjugated 
tetrayne generated the requisite (Z,Z,Z,Z)-tetraene in succinct fashion. Heating 
the all-(Z)-tetraene at 100 oC triggered a domino 8!-6! electrocyclization, which 
furnished bicyclo[4.2.0]octadiene precursors to the kingianins. After extensive 
study, we found that a rapid formal radical cation Diels–Alder dimerization 
ensued at ambient temperatures using the Ledwith-Weitz electron transfer 
catalyst. Our observations shed more light on the biosynthesis of kingianin 
natural products, specifically, that an electron transfer mechanism is involved 
in the key dimerization step. The strategy developed during this synthesis was 
later refined and extended, and is the subject of further discussion in Chapter 
Two.  
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Chapter Two 
 
 
 
 
Unified Total Synthesis of the Natural 
Products Endiandric Acid A, Kingianic 
Acid E, and Kingianins A, D, and F 
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Unified Total Synthesis of the Natural Products Endiandric Acid A, Kingianic Acid E, 
and Kingianins A, D, and F.  
 
Prelude 
 
The following manuscript, published in the premier Royal Society journal 
Chemical Science, outlines a unified strategy for the synthesis of natural products 
of the Endiandra genus.  
 
Permission has been granted from the Royal Society of Chemistry for 
reproduction in this thesis. All of the experimental work published in this paper 
is my own. The other authors are Dr Andrew Lawrence and Professor Michael 
Sherburn. The project was conceived, designed, and evolved through input of 
all authors. S. L. Drew wrote the first draft of the manuscript. As of 15th August, 
the paper has been cited once - a highlight in Synfacts (2015, 11, 794). 
  
Our first generation synthesis of the kingianins, outlined in Chapter One, 
revealed a new point of entry into the 8!-6! electrocyclization cascade. We had 
demonstrated that conjugated tetraynes could be selectively reduced to 
conjugated (Z,Z,Z,Z)-tetraenes using Rieke zinc in ethanol. The work presented 
in this chapter aimed to extend the generality of this protocol and to show that 
biosynthetically related natural products, although structurally distinct, could 
be prepared from a common intermediate. This desire ultimately culminated in 
the synthesis of five natural products from a common tetrayne intermediate 
and led to the shortest syntheses of endiandric acid A and kingianic acid E 
reported to date (8 steps).  
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Chapter Three 
 
 
 
All-(Z)-Polyenes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
104
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
105 
All-(Z)-Polyenes  
 
Prelude 
 
The following manuscript outlines the first synthesis and study of the all-(Z)-
polyene family of fundamental hydrocarbons. The manuscript has been 
formatted for submission to Angewandte Chemie, but at the time of printing this 
thesis, has not been submitted. All of the experimental work presented in this 
paper is my own. The other authors are Dr Anthony C. Willis (X-ray 
crystallographer) and Professor Michael S. Sherburn. The project was conceived 
and evolved in collaboration with Professor Sherburn. S. L. Drew wrote the first 
draft of the manuscript. 
 
When we commenced work on the kingianins, only one other (Z,Z,Z,Z)-
tetraene synthesis had been documented in the literature. No syntheses of 
higher conjugated all-(Z)-polyenes had been reported, nor  had any systematic 
study of the structure and reactivity of the parent all-(Z)-polyene hydrocarbons 
been described. This gap in our understanding of fundamental polyene 
chemistry inspired us to complete a total synthesis of the all-(Z)-polyene 
hydrocarbons.  
 
Syntheses of all-(Z)-pentaene, hexaene, and heptaene were carefully devised 
and executed. Unlike the all-(E)-polyene hydrocarbons, which were reported to 
rapidly polymerize in the solid state, the all-(Z)-polyenes could be stored as 
solids without decomposition. A final attempt will be made at the synthesis of 
the all-(Z)-octaene prior to submission of this manuscript.  
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Chapter Four 
 
 
Pseudopterosin Synthesis from a 
Chiral Cross-Conjugated Hydrocarbon 
Through a Series of Cycloadditions. 
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Pseudopterosin Synthesis from a Chiral Cross-Conjugated Hydrocarbon Through a 
Series of Cycloadditions 
 
Prelude 
 
The following manuscript, published in the journal Nature Chemistry, outlines a 
step-economic synthesis of a pseudopterosin natural product. The synthesis 
features a triple Diels–Alder reaction sequence of a chiral cross-conjugated 
hydrocarbon. Permission has been granted from the Nature Publishing Group 
via RightsLink for reproduction in this thesis. The other authors are Dr 
Christopher G. Newton, Dr Andrew L. Lawrence, Dr Anthony C. Willis (X-ray 
crystallographer), Professor Michael N. Paddon-Row (Computational Studies), 
and Professor Michael S. Sherburn. The project was conceived and designed 
through collaboration of C. G. Newton, S. L. Drew, A. L. Lawrence, and M. S. 
Sherburn. PhD students C. G. Newton and S. L. Drew carried out the synthetic 
experiments.  
 
Specific contributions of S. L. Drew: 
One-pot synthesis of ketone 9 from crotonaldehyde 
Enantioselective reduction of ketone 9 to alcohol 10 
Assisted C. G. Newton with the optimization of steps 10 to 16 and 17 to 18 
Developed the one-pot DIBAL-H reduction-olefination of ester 18 
Assisted C. G. Newton with the optimization of step 20 to 21 
Kinetic α-hydroxylation of ketone 21 to 22 
Synthesis of pseudopterosin (–)-G–J aglycone from alcohol 22 
Determination of the absolute stereochemistry of our synthetic sample of 
pseudopterosin (–)-G–J aglycone 
 
A. C. Willis solved the single crystal X-ray structure of nitroadduct 20. M. N. 
Paddon-Row carried out a computational study on the first Diels–Alder 
reaction (conversion of 6 → 16). As of 15th August, the paper has been cited six 
times and has been highlighted in Chemistry in Australia (April, 2015).  
 
 
  
170
The first two chapters detailed step-economic syntheses of complex natural 
products that were achieved using through-conjugated (Z,Z,Z,Z)-tetraenes in 
8!-6! electrocyclization-Diels–Alder reactions (Scheme 2 a). This theme of 
step-economic synthesis – enabled through the use of conjugated polyenes – 
continues in Chapter Four, although the focus transitions from through-
conjugated polyenic systems to cross-conjugated polyenes (Scheme 2 b).   
 
 
Scheme 2: a) Eight step synthesis of endiandric acid A using a through-conjugated (Z,Z,Z,Z)-tetraene to 
rapidly build structural complexity b) Diene-transmissive Diels–Alder reactivity of cross-conjugated 1,1-
divinylallene.  
 
1,1-Divinylallene, first synthesized by Sherburn and co-workers in 2011, is a π-
bond rich cross-conjugated hydrocarbon that can react in a diene-transmissive 
triple Diels–Alder reaction sequence to rapidly construct tricyclic frameworks 
(Scheme 1 b). The following manuscript details an extension of this research 
and reports the first application of a substituted 1,1-divinylallene in natural 
product synthesis. The tricyclic (–)-pseudopterosin G–J aglycone natural 
product was accessed in just 10 steps from chiral pool starting materials, or in 
11 steps via an enantioselective route, through the deployment of an axially 
chiral substituted 1,1-divinylallene in a sequence of three Diels–Alder reactions.  
 
 
 
 
 
 
Z Z
ZZ
through-conjugated polyene
OTBS
Ph
H
HH
Ph
H
H
H
CO2H
(±)-endiandric acid A
2 steps
a)
4 C-C bonds
4 new rings
via
domino 8π-6π 
electrocyclization-IMDA reaction
8 steps in total!
b)
Diels−
Alder
Diels−
Alder
•
Diels−
Alder
1,1-divinylallene
cross-conjugated polyene
6 C-C bonds
3 new rings
via
diene-transmissive
Diels−Alder sequence
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Conclusions and Future Work 
The enclosed publications demonstrate that conjugated polyenes are powerful 
reagents that can enable step-economic syntheses of complex polycyclic natural 
products. Chapter One described the first synthesis of kingianin natural 
products to utilize through-conjugated (Z,Z,Z,Z)-tetraenes in domino 8!-6! 
electrocyclizations. A (Z,Z,Z,Z)-tetraene was accessed via the unprecedented 
four-fold cis-selective partial reduction of a conjugated tetrayne. During this 
transformation 8 C-H bonds were introduced in a stereoselective manner. 
Electrocyclization studies of the (Z,Z,Z,Z)-tetraene led us to revise the 
Black/Banfield hypothesis to only include (E,Z,Z,E)-tetraenes as biosynthetic 
precursors to bicyclo[4.2.0]octadiene natural products. This conclusion was 
based on the high temperatures needed to promote the 8!-6! electrocyclization 
of the (Z,Z,Z,Z)-tetraene. 
 
Scheme 3: Step-economic synthesis of kingianins A, D, and F using a through-conjugated (Z,Z,Z,Z)-
tetraene. 
The mystery surrounding the Diels–Alder dimerization step in the kingianin 
biogenesis was solved when the 8!-6! electrocyclization products were found 
to undergo rapid radical cation-catalyzed formal Diels–Alder dimerization at 
ambient temperatures in the presence of a single electron oxidant (Scheme 3). 
The all-(Z)-tetraene strategy that was developed in Chapter One enabled the 
pentacyclic kingianin natural products to be prepared in just ten steps. 
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One metric used to assess the strength of a synthetic strategy is versatility. 
Traversing from Chapter One to Chapter Two we aimed to extend the 
methodology that had been developed during our kingianin synthesis so that a 
truly unified approach to natural products of the Endiandra genus could be 
realized. Our goal was to prepare kingianin, endiandric acid, and kingianic acid 
natural products from a common tetrayne intermediate.  
 
 
A weakness of our first-generation kingianin synthesis was the preparation of 
the unsymmetrical tetrayne. Mixtures of homo-coupled and cross-coupled 
products were obtained using the Mori-Hiyama TMS-alkyne coupling protocol 
(page 6, 4 + 5 → 3). The unsymmetrical tetrayne synthesis that was developed 
in Chapter Two, which involved the terminal functionalization of a conjugated 
tetrayne, supersedes the Mori-Hiyama protocol for two reasons: 1) the desired 
unsymmetrical tetrayne is observed as the sole product, and 2) the terminal 
alkylation serves as a point of divergence and ultimately allowed the formation 
of five natural products from a common intermediate (page 59, 13 → 16 + 17 + 
18). The successful syntheses of endiandric acid A and kingianic acid E from 
conjugated tetraynes demonstrated for the first time that our four-fold cis-
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selective partial reduction protocol had wide substrate scope. Importantly, the 
Rieke zinc protocol was shown to tolerate the additional unsaturation present 
in the endiandric and kingianic acid tetrayne precursors. Furthermore, our 
synthesis represents the first use of a (Z,Z,Z,Z)-tetraene in a domino 8!-6! 
electrocyclization-IMDA reaction (Scheme 4).  
 
As was evident in Chapter One, the pursuit of a bio-inspired strategy can 
provide useful information about the biosynthesis of natural products. During 
our synthesis of kingianic acid E we noticed that the thermal IMDA reaction 
was sufficiently sluggish at 88 oC to warrant isolation and characterization of 
the 8!-6! electrocyclization products. The energy barrier for a thermal IMDA 
reaction was apparently quite high. To our delight, a radical cation-catalyzed 
formal IMDA reaction occurred within minutes at ambient temperatures. This 
result provides further support for the involvement of redox-catalyzed formal 
Diels–Alder reactions in the biosynthesis of kingianin and kingianic acid 
natural products. Given the endiandric acids are isolated from the same genus 
of plant as the kingianins/kingianic acids, they too probably originate in nature 
through electron transfer catalyzed formal IMDA reactions, rather than thermal 
concerted [4+2]-cycloadditions. This, along with the possibility of a redox-
catalyzed electrocyclization-Diels–Alder sequence, will no doubt be the subject 
of further study.  
 
Chapter Three continued with the all-(Z)-polyene theme; however, focus 
transitioned from applications in natural product synthesis to the synthesis of a 
family of all-(Z)-polyene hydrocarbons. At the outset of this project, only the 
all-(Z)-triene had been previously synthesized. In fact, an attempted synthesis 
of the all-(Z)-tetraene by Ziegenbein and co-workers gave 1,3,5-cyclooctatriene 
as the sole product. This chapter described the first synthesis and 
characterization of higher members of the all-(Z)-polyene family of 
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fundamental hydrocarbons (Scheme 5). Unlike the all-(E)-polyenes, which are 
known to rapidly polymerize in the solid state, the all-(Z)-polyenes could be 
stored as solids at room temperature. Once in solution the reactivity profile of 
the all-(Z)-polyenes changed substantially – the molecules underwent rapid 
terminal 8!-electrocyclization to form cyclooctatrienes, which subsequently 
ring-opened to generate the more thermodynamically stable (1,3Z,5Z,7E)-
isomer. The all-(Z)-pentaene, hexaene, and heptaene have half-lives of 51 min, 
25 min, and 20 min, respectively, in benzene at 25 oC. With a synthetic route to 
all-(Z)-polyenes now in hand, we are in a unique position to learn more about 
the structure and reactivity of a family of fundamental polyene hydrocarbons. 
Future experiments will no doubt investigate the reactivity of all-(Z)-polyenes 
under photochemical and visible light-mediated photoredox conditions.  
 
The theme of polyene-facilitated step-economic natural product synthesis was 
revisited for a final time in Chapter Four. The chapter described the shortest 
enantioselective synthesis of a pseudopterosin natural product reported to date 
(10 steps from chiral pool or 11 steps enantioselective). The synthesis was 
carried out in collaboration with Christopher Newton. In contrast to the 
syntheses described in Chapters One and Two, which employed through-
conjugated polyenes, our pseudopterosin synthesis utilized an axially chiral 
cross-conjugated substituted 1,1-divinylallene to rapidly build structural 
complexity. The tricyclic framework of (–)-pseudopterosin G–J aglycone was 
forged using a triple Diels–Alder reaction sequence of an axially chiral 
substituted 1,1-divinylallene (Scheme 6). The synthesis featured a point-to-
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axial-to-point chirality transfer whereby the first Diels–Alder adduct was 
obtained in high enantiopurity from an axially chiral substituted 1,1-
divinylallene. A novel Diels–Alder based catechol synthesis was also developed. 
Our highly unorthodox synthesis dramatically reduced the step-count required 
to access these biologically important natural products.  
 
The work outlined in this thesis has described the synthesis, study, and 
reactivity of conjugated polyenes. Throughout, this research has garnered more 
information about the biosynthesis of natural products, developed new 
methods to add to our arsenal of reactions, and gleaned new knowledge about 
a previously unsynthesized family of fundamental hydrocarbons. Furthermore, 
we have utilized the innate reactivity of conjugated polyenes to complete the 
shortest total syntheses of six natural products reported to date (Scheme 7). In a 
recent review, titled “Trying to rationalize total synthesis” (Nat. Prod. Rep. 2014, 31, 
595), Professor Johan Mulzer concluded that “After all there is an iron maxim: if 
a target cannot be reached, within, say, 25 steps, it is better to drop it. For what 
you will get, is a heroic synthesis at best, but never an efficient one.” While 
efficiency is of the utmost importance, it should not define whether we dismiss 
a synthetic endeavour – after all – it is the journey to the target and the 
discoveries made along the way that advances the science of synthesis.  
Scheme 7: Step-economic synthesis of complex polycyclic natural products using conjugated polyenes. 
H H CONHEt
H
H
HH
H H
O
O
EtHNOC (±)-kingianin A
10 or 11 steps
(±)-kingianin D
10 or 11 steps
H H
H
CONHEt
H
HH
H H
CONHEt
O
O
O
O
(±)-kingianin F
10 or 11 steps
OH
OH
H
(–)-pseudopterosin 
G–J aglycone
10 or 11 steps
H
HH
Ph
H
H
H
CO2H
(±)-endiandric acid A
8 steps
H
H
H
H
CO2H
O
O
H
(±)-kingianic acid E
8 steps
H H
H
HH
H H
O
O
EtHNOC
H
O
O
CONHEt
Z Z
ZZ
R1R2
•
H
 polyenes can enable step-economical 
syntheses of complex polycyclic
 natural products
O
O
